Abstract. Approximately half of all endometrial cancer cases are diagnosed in patients aged >65 years. The objective of this study was to compare the tolerability and effectiveness of combination chemotherapy with docetaxel and carboplatin between endometrial cancer patients older and younger than 65 years of age. Chemotherapy-naive patients with endometrial cancer were enrolled in this retrospective study between April, 2008 and March, 2015. The patients received docetaxel (60 mg̸m 2 ) and carboplatin (area under the curve of 6 mg/ ml̸min) on day 1 of a 3-week cycle. The tolerability and effectiveness of this regimen were analyzed. A total of 41 patients with endometrial cancer were enrolled in this study, of whom 26 (63%) were aged <65 years and 15 (37%) were aged ≥65 years. There were no significant differences with regard to Eastern Cooperative Oncology Group performance status score and disease stage between the two groups. Patients aged >65 years were significantly more likely to have serous or clear-cell histology and high-grade tumors compared with the younger group (P=0.014 and 0.012, respectively). Although the number of chemotherapy cycles, cycle delays and treatment interruptions were comparable between older and younger patients, there was a trend toward more dose reductions in the older group (P=0.12). The incidence of hematological toxicities did not differ significantly between the two groups. The incidence of grade 3̸4 diarrhea was significantly higher in the older group (P= 0.014) and hypersensitivity was significantly more frequent in the younger group (P=0.035). Patients aged ≥65 years had equivalent response rates, progression-free survival and overall survival compared with those aged <65 years. These results suggest that combination chemotherapy with docetaxel and carboplatin was tolerable and effective for the treatment of elderly chemotherapy-naive patients with endometrial cancer.
Introduction
With the continued aging and increase in the life expectancy of the population worldwide, the age of patients with cancer is also expected to increase. Indeed, over 50% of solid cancers are diagnosed in patients aged >65 years, and the cancer incidence at ages >65 years is ~10 times higher compared with that in the younger population (1) . Accordingly, the use of chemotherapeutic agents in elderly patients with cancer may also increase. However, there is not sufficient evidence of the tolerability and effectiveness of chemotherapeutic drugs among elderly patients with cancer. Moreover, treatment guidelines for elderly patients with cancer have not yet been established; this may be because these patients are often excluded from clinical trials, and also because the number of the clinical reports on such patients is insufficient. Even among the relatively few trials that include elderly patients, the majority are subset analyses of clinical trials. Therefore, determining the benefits of chemotherapy and doses of chemotherapeutic agents for elderly patients with cancer is often difficult in clinical practice.
The therapeutic problem for elderly patients originates from the fact that treatment response is affected by aging-related physiological changes that differ from those in younger patients; this is due to decreased drug absorption, liver metabolic capacity and renal excretory function being more common among elderly individuals. Additionally, several elderly patients with cancer have multiple chronic diseases, which may result in the use of a wide variety of drugs with consequent deleterious drug interactions and adverse events.
Endometrial cancer is the most common gynecological malignancy, with 52,630 new cases and 8,590 deaths in the United States reported in 2014 (2) . Approximately 50% of patients with endometrial cancer are older than 65 years (3), with a further increase anticipated in the future. Thus, determining the optimal treatment strategy for endometrial cancer in elderly patients will become increasingly more important. The majority of patients with endometrial cancer present with early-stage disease and may be cured with primary therapy; however, women with metastatic cancer or relapse have poor prognosis and require chemotherapy.
The Gynecologic Oncology Group 122 randomized study (GOG122 trial) compared the efficacy of radiotherapy to that of doxorubicin and cisplatin (AP therapy) for advanced endometrial cancer; the results showed a favorable prognosis for patients who underwent AP therapy (4) . Furthermore, the results of the GOG177 trial that paclitaxel, doxorubicin and cisplatin (TAP therapy) was more effective compared with AP therapy, although the toxicity of TAP therapy was severe (5). Paclitaxel and carboplatin (TC therapy) exerted a therapeutic effect similar to that of TAP therapy, but with less toxicity (6) . Moreover, a previous phase 2 trial found no differences in the effectiveness of docetaxel and cisplatin (DP), docetaxel and carboplatin (DC), and TC therapies for advanced endometrial cancer (7). As described above, the combination of an anthracycline-based drug, a platinum-containing drug and a taxane agent is used in endometrial cancer chemotherapy, with DC therapy being one of the most important treatment options (8, 9) . However, there are few reports on the tolerability and effectiveness of DC therapy in elderly patients with cancer. Although there are some reports on DC therapy for elderly patients with other types of cancer (10) (11) (12) , none of the previous reports have focused on endometrial cancer. Therefore, we evaluated the tolerability and effectiveness of DC chemotherapy for elderly patients with endometrial cancer.
Patients and methods

Patients.
A total of 41 patients with endometrial cancer were enrolled in this retrospective study between April, 2008 and March, 2015. The study protocol was approved by the Ethics Committee of Saitama Medical University International Medical Center, and all the patients provided written informed consent prior to the procedure being performed. All the patients were staged according to the International Federation of Gynecology and Obstetrics (FIGO) staging system (13) . Eligible patients had histologically proven endometrial cancer, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) score of ≤2 and adequate baseline hematological (absolute neutrophil count ≥500/mm 3 , platelet count ≥100,000̸mm 3 ), renal (serum creatinine ≤1.5 mg̸dl) and liver functions (serum bilirubin ≤1.5 mg/dl). Patients were excluded if they had received previous chemotherapy for endometrial cancer or a concurrent malignancy.
Treatment. Docetaxel (60 mg/m 2 ) was administered intravenously (i.v.) for 1 h, followed by carboplatin administered i.v. for 1 h. The dose of carboplatin was calculated according to the Calvert formula, with an area under the curve (AUC) of 6 mg̸ml̸min using a calculated glomerular filtration rate from the Cockcroft-Gault formula (14) . Docetaxel and carboplatin were administered on day 1, and repeated every 3 weeks. Dexamethasone (16.5 mg i.v.) and palonosetron (0.75 mg i.v.) were administered as premedications prior to docetaxel. Treatment was continued until disease progression. Each chemotherapy cycle was only delivered if the absolute neutrophil and platelet counts on the day of treatment were at least 1,500 and 100,000/mm 3 , respectively. Otherwise, treatment was delayed until this level was achieved.
Toxicity and chemotherapy adjustments. Adverse events were graded at each cycle by study investigators according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0 (15). Dose reductions were allowed at the investigator's discretion, depending on the onset of hematological toxicities, such as febrile neutropenia or grade 4 thrombocytopenia, or non-hematological toxicities ≥grade 3, excluding alopecia, nausea and vomiting. If necessary, the dose of both drugs was reduced as follows in the subsequent cycle: Docetaxel, 50 mg̸m 2 and carboplatin, AUC=5. Granulocyte colony-stimulating factor (G-CSF) and prophylactic antibiotics were permitted as clinically indicated in the presence of grade 4 neutropenia or febrile neutropenia.
Response evaluation. The treatment response was assessed every two or three cycles by computed tomography scans according to the Response Evaluation Criteria in Solid Tumors (16) .
Statistical analysis. For this age-specific retrospective exploratory analysis, patients were dichotomized according to the age split of <65 or ≥65 years at the time of chemotherapy administration. All the statistical tests were exploratory in nature. Categorical variables were evaluated by the Chi-square test or the Fisher's exact test, as appropriate for category size. Kaplan-Meier curves were produced for progression-free survival (PFS) and overall survival (OS) by age group. Both PFS and OS were calculated from the date of initial chemotherapy. The log-rank test was used to compare survival between the two groups. Statistical significance was set at P<0.05.
Results
Patient characteristics.
A total of 41 patients were enrolled in this retrospective study, of whom (63%) were aged <65 years and 15 (37%) were aged ≥65 years. The patient and tumor characteristics were compared between the two groups ( Table I ). The median age in the younger group was 56.5 years (range, 36-64 years) and in the older group 70.0 years (range, 65-78 years). There were no significant differences in terms of PS score and FIGO stage between the two groups. Patients older than 65 years were significantly more likely to have serous or clear-cell histology and high-grade tumors compared with the younger group (P=0.014 and 0.012, respectively). Patients older than 65 years were also significantly more likely to have hypertension (P=0.0017). There were no significant differences between the two groups in the prevalence of diabetes mellitus, cardiac disease or pulmonary disease.
Feasibility. The feasibility of DC therapy was analyzed (Table II) . The number of cycles received did not differ between the two groups. Dose reductions were required in 6 (23%) patients from the younger group and 7 (46%) from the older group. There was a trend toward more dose reductions among patients aged >65 years (P=0.12), but the difference was not significant. Hematological toxicity was the most common reason for dose reduction in the older group (26%), whereas hematological as well as non-hematological toxicities were responsible for dose reductions in the younger group. There were no significant differences in cycle delays or reasons for cycle delays between the groups. The occurrence rate of treatment interruption also did not differ significantly between the groups. Progressive disease was the most common reason for treatment interruption in the younger (19%) as well as in the older group (26%). There was no significant difference in the number of patients who received G-CSF between the two groups. G-CSF was used in 33 and 19% of the older and younger patients, respectively.
Adverse effects. The incidence of hematological toxicities, such as anemia, leukopenia, neutropenia and thrombocytopenia, did not differ significantly between the two groups (Table III) . The most common grade 3̸4 hematological toxicity was neutropenia, occurring in 77% of the younger patients and 80% of the older patients. The incidence of non-hematological toxicities did not differ significantly between the groups with regard to nausea, vomiting, neurotoxicity and myalgia (Table IV) . The incidence of grade 3̸4 diarrhea was significantly higher in the older group compared with that in the younger group (P=0.014). Hypersensitivity was significantly more frequent in the younger group (P=0.035).
Response and survival. Of the 8 patients with target lesions assessable for response in the younger group, 4 achieved a partial response. Of the 7 patients with target lesions assessable for response in the older group, 1 achieved a complete response and 2 a partial response (Table V) . The tumor response to DC therapy did not differ significantly between the two groups. There was no significant difference in PFS (Fig. 1, P=0 .57) or OS (Fig. 2, P=0.18 ) between the two groups.
Discussion
As the aging population continues to grow, there is a consequent increase in the life expectancy worldwide. Thus, the incidences of diseases that affect the elderly, such as cancer, are also expected to increase. Therefore, the use of chemotherapeutic agents for elderly patients with cancer may also increase. Nonetheless, there is no definitive evidence of the tolerability and effectiveness of chemotherapeutic drugs among elderly patients with cancer. Previous reports have concluded that elderly patients experience more chemotherapy-related adverse events compared with younger patients, due to the deteriorating organ function and poor nutritional status. For example, a limited number of studies reported an increased incidence of myelosuppression due to chemotherapy, and hypertension as a result of bevacizumab therapy in elderly patients with colon cancer compared with younger patients (17,18) . Additionally, cardiac toxicity and treatment-related deaths with anthracycline-based drugs were more common among elderly patients with breast cancer compared with younger patients (19, 20) . With regard to elderly patients with gynecological cancer, a previous study reported that the completion rate of chemotherapy was reduced in elderly patients with ovarian cancer (aged ≥65 years) with >2 comorbidities (21) . Additionally, compared with younger patients, the disease is generally more advanced at diagnosis and tends to progress more quickly in elderly patients with ovarian cancer aged >70 years. This results in a higher risk of mortality and a significantly lower 5-year survival rate among these patients (22) . By contrast, in a clinical trial by Eisenhauer et al, there was no difference in the frequency of dose reduction, treatment interruption, response rate, or prognosis among patients aged ≥65 or <65 years who received combination chemotherapy with a platinum-containing drug and a taxane agent as an initial postoperative chemotherapy for advanced ovarian cancer (23) .
Only few studies have reported on the tolerability and effectiveness of DC therapy in elderly patients with cancer. A comparison of patients with cancer older and younger than 65 years of age treated with docetaxel revealed no differences in docetaxel clearance, incidence of grade 4 neutropenia, or incidence of febrile neutropenia between the two groups (24) . Conversely, in a clinical trial where docetaxel was administered to prostate cancer patients older than 75 years, the chemotherapy regimen was modified (e.g., dose reduction) in 46% of the patients (25) . Additionally, in a clinical trial of DC therapy Table III . Worst degree of hematological toxicities by patient according to NCI-CTC 4.0.
All grades
Grade
≥65 years, n (%) <65 years, n (%) ≥65 years, n (%) Toxicities (n=26) (n=15) P-value (n=26) (n=15) P-value (7) for non-small-cell lung cancer, subgroup analyses of patients aged >65 years revealed that 86% of the patients developed grade ≥3 neutropenia, the incidence of febrile neutropenia was 7%, and the incidence of grade ≥3 non-hematological toxicities was <17.5% (26) . In this trial, there was no difference in the frequency of treatment delay or interruption between older and younger patients with endometrial cancer who received DC therapy. The frequency of dose reduction tended to be higher among older patients (46% in older and 23% in younger patients), but this difference was not significant. Hematological toxicities were the main cause of dose reductions in older patients. In younger patients, hematological and non-hematological toxicities were equally responsible for the dose reductions. However, no difference in the incidence of hematological toxicities was observed between older and younger patients. Among patients who developed grade ≥3 hematological toxicities, neutropenia was the most frequent complication in both age groups. As regards non-hematological toxicities, the incidence of grade ≥3 diarrhea was significantly higher among older patients (0 vs. 27%, P=0.014), whereas the incidence of hypersensitivity was significantly higher among younger patients (27 vs. 0%, P=0.035). In any case, in the older and younger groups, DC therapy-related hematological and non-hematological toxicities were manageable, and DC therapy was generally well-tolerated in both groups, with acceptable effectiveness; however, it was difficult to evaluate the effectiveness of DC therapy due to the rarity of assessable lesions. There were no significant differences in prognosis between the two groups. Therefore, we consider DC therapy to have an acceptable toxicity profile and efficacy in Table IV . Worst degree of non-hematological toxicities by patient according to NCI-CTC 4.0.
≥65 years, n (%) <65 years, n (%) ≥65 years, n (%) Toxicities (n=26) (n=15) P-value (n=26) (n=15) P-value endometrial cancer patients aged >65 years, when compared with younger patients. However, as this study included relatively few cases, a larger prospective study is required in the future. Fader et al compared the effectiveness and toxicity of TC therapy in elderly patients with ovarian cancer aged ≥70 years, who were subdivided into a standard-dose and a dose-reduction group (27) . Carboplatin (AUC=5-6) and paclitaxel (175 mg̸m 2 ) were administered to patients in the standard-dose group, whereas carboplatin (AUC=4-5) and paclitaxel (135 mg̸m 2 ) were administered to those in the dose-reduction group. The results revealed a significantly lower frequency of neutropenia in the dose-reduction group and no significant differences in the response rate or prognosis between the two groups, suggesting that chemotherapy may be safely administered without becoming less effective, even when reducing dosage for elderly patients. Furthermore, in this study, dose reduction tended to be more frequent among older patients; however, there were no differences in the response rate or prognosis between the two age groups. Thus, the optimal dose for elderly patients may be lower than the standard dose.
In our aging society, the number of elderly patients receiving chemotherapy is expected to increase in the future. Determining an appropriate chemotherapy regimen and the optimal dose is crucial for elderly patients due to their vulnerability. However, there are few clearly determined indices for evaluating the vulnerability of elderly cancer patients and estimating the optimal doses of chemotherapeutic agents to be administered to such patients. Further studies are required to design safe and effective chemotherapeutic regimens to elderly cancer patients.
